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COMPLETE SPECiriOATION 

Improvements in Gas or Vapour and Liquid Contacting Methods and 

Apparatus 



I, FsANCis . Leopold Me"lviixe, a 
Britisli Subject, and a National of tke 
ITnion of Soutli Africa, re&idin^ at 84, 
Kerk Street, JohannesWrg, Transvaal, 
5 Union of South. Africa, do hereby declare 
the nature of this invention and in ^hat 
manner the same is to be performed, to 
be i^articnlarly described and ascertained 
in and by tlie following statement: — 
10 This invention relates to methods of, 
and apparatus for, the contacting of gases 
or vapours and liquids*. Although the 
iavention has a wide range of utility, it 
is particularly useful in connection Tvith 
15- contacting methods and apparatus such 
as are employed for the absorption, cool- 
ing, drying, cleansing or humidifying of 
gases, for the evaporation, cooling or 
heating of liquids, or for reaction pur- 
20 poses. Such apparatiu- may, for example, 
take the form of fractionating towers, 
scrubbers, cooling towers and the like. 
In such apparatus, a packing is usually 
employed for effecting intimate contact 
25 between the descending liquid and the 
ascending gas or vapour. As used herein 
and in the claims', the term " gas " in- 
cludes vapour witbin its scope. 

The invention provides a new and im- 
30 proved countercurrent gas and liquid 
contact process by wkich. the flow of liquid 
downwardly througb a treating chamber 
is effected in regular predetermined 
. symmetrical manner to assure uniform 
33 distribution of the liquid throughout the 
liquid flow area of the chamber. 

The invention provides' a novel packing 
for gas and liquid contacting apparatus 
which avoids the presence of unequal gas 
40 or liquid passages and prevents channel- 
ling or segregation of the flowing gas iu 
open spaces and of the liquid alonjr sur- 
face areas, with the result that at any 
cross-section of the packing at rigbt 
45 angles to the general direction of counter- 
current flow of the liquid and gas, the 
composition of the liquid and gas is sub- 
stantially-uniform. 



The invention also provides* a new and 
improved packing- of the general character 50 
described, wbicE feeds and spreads out 
the liquid evenly in a thin film and in 
a regular predetermined " symmetrical 
manner as it descends in a treating cham- 
ber, so that even distribution of th.e6i& 
liquid throughout the flow area of the 
chamber is afforded, which provides the 
maximum of efBective (i.e. wetted) sur- 
face area per unit of packing space, offer& 
a minimum of resistance to the passage 60 
of the ascending gas, and affords a maxi- 
mum of intimacy of contact and inter- 
action between liquid and gas, so that 
equilibrium between the fluid in either 
phase immediately adjacent to the inter- 65 
face and the main bulk o£ the fluid com- 
prising the phase is rapidly attained. 

The invention further provides a pack- 
ing of the general character destsribed, 
which comprises a series of simple, com- 70 
paratively inexpensive elements requir- 
ing little or no shaping, and which can 
be easily and expeditiously assembled. 

In carrying out the process of the in- 
vention, liquid is subdivided into a pre- 7fi 
determined number of thin exposed 
streams which are directed downwardly 
along substantially uniform zig^a^ 
courses deviating from one set of angu° 
larly di^osed vertical planes to another fio 

1' * 1 zig-zag stream cour&es are 
relatively disposed to merge with the 
apices of adjoining stream courses at 
regulaTly disposed, equaUy spaced zones, 
whereby predetermined groups of adjoin- 85 
ing streams- merge and are intermixed at 
these zones, and are then subdi-vided into 
a corresponding number of thin strea;ms 
for subsequent merger with other streams. 
Due to the deviating course of the streams 90 
between different vertical planes, the 
liquid i& uniformly distributed through- 
out the flow area of the packing. 

PacMng embodying the invention com- 
prises slender packing element^ in the 95 
form of rods, veires, tubes, flat strips or 
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tiie like, wliick are uniformly zig-zag^ed 
and made to extend generally vertically 
in tile contacting zone. Tliese elements 
are arranged in groups in accordance 
5. witii a predetermined pattern, tiie ele- 
ments oj: each, group being disposed in 
diiterent vertical planes' and_ converging 
downwardly at equal inclinations towards 
junctures to form a liquid mixing zone, 

10 and diverging downwardly fi-om tliese 
points of juncture at equal inclinations 
to subdivide and redistribute the mixed 
liquid from said zone. This operation o£ 
mixing, subdividing an-d redistributing 
15 tbe liquid streams is repeated regularly 
in accordance witii a predetermined 
pattern to a&sure uniformity in the com- 
position of tbe liquid gas throughout the 
£ow area of the packing at any horizontal 

20 section thereof. 

Tlie invention will be understood fi'om 
the following description considered in 
connection with, the accompanying draw- 
ings in which. : 

25 Fig. 1 is a fragmentary axial vertical 
section, somewkat diagrammatic, of a g-as 
and liquid contacting device containing 
a packing embodying the present inven- 
tion ; 

30 Fig. 2 is a transverse sectioa, somewiiat 
diagrammatic, of the contacting device 
taken on the line 2 — 2 of Fig, 1; 

Fig. 3 is a side elevation of a packing 
element which is employed to form a 
35 packing constituting one embodiment of 
the invention; 

Fig. 4 is a borizontal sectional view on 
an enlarged scale, of a triad of packing 
elements forming one of the constituent 
groups of a packing of tlie invention, and 
shown interconnected in direct contact 
in accordance with, one embodiment of 
the invention; 

Fig. 5 is a fragmentary front elevatiou 
t)f a "packing which, comprises; a series of 
triads of the type shown in Fig. 4; the 
different vertical planes, a. h. c. and c 
indicated thereon positionally correspond- 
ing to the planes a, c, A and e m the 
50 horizontal sectional view of Fig. 6; 

Fio-. 6 is a horizontal section taken on 
line 6^ of Fiffr. 5, the vertical planes 
a, 6, c, 3L and e indicated thereon posi- 
tionally corresponding to the planes a., h, 
55 c, i and e in Fig. 5; ^ 

Fig. 7 i& a fragmentary front elevation 
of another form of pacldng embodying? 
tbe invention, the elements being 
arranged in ^rroups of four the diiJerent 
60 vertical planes a. h and c indicated Hiere- 
on positionallv corresponding to tlie 
planes a, h and^ c in the horizontal :^ection 

of Fig. 8; 

Fig 8 is a horizontal section taken on 
65 line 8—8 of Fiff. T, the vertical planes. 
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£/, // and c indicated thereon positionally 
correspoiiding to the plaue.^ a. h uud c* iu 

1^'ig. y is a ii-agmeutary front eleva- 
tion 6i a iurther form of packing em- 70 
bodying the invention, the elements being 
arranged in groups of six and three, the 
vertical planes, a, b and c indicated there- 
on positionally coixesponding t-o the 
planes ix, b and c in the horizontal .'?ectiou 75 
of Fig. 10; 

Fig. 10 is a horizontal section taken on 
line 10—10 of Fig. 9, the vertical planes 
a, b and c indicated thereon positionally 
(corresponding to the planes a, h and c 80 
in Fig. 9 ; 

Fig. 11 i>! a fragmentary perspective 
showing a group ot zig-zag packinjj; 
elements interconnected at their apices 
through a core piece in accordance witii 8?) 
another embodiment of the invention ; 

Fig*. 12 is a fragmentary vertical sec- 
tion, on a larger scale, nf the construi^ion 
of Fig. 11, and 

Fig. 13 is u vertical section similar to 80 
tliat of Fig. 12, but showing another form 
of core piece for interconnecting ^ the 
group elements together at their apice:5. 

Eeferrin^r to Fiirs. 1 and 2 of the <lraw- 
ina*i-, the gas and liquid contacting device 96 
shown (Comprises a vertical cylindrical 
column or tower 10 containing the pack- 
ing 11 of the invention. The gas to be 
contacted is delivered to the lower por- 
tion of the tower 10 below the packing joO 
11, and flows upwardly through the pack- 
ing, while the liquid is fed to the upper 
jiortion of the tower above the packing, 
and flows downwardly through the pack- 
ing and in intimate contact with the 105 
ascending gas in the manner to be de- 
scribed. The liquid preferably is de- 
livered to the upper portion of the tower 
10 and over the packing 11 in siich scat- 
tered fonii as to be spread evenly over HQ 
or substantially evenb' over the top of 
the packing 1 T. so that the liquid is dis- 
tributed substantially uniformly through- 
out the packing at it?^ upper ond.^ For 
that ]>m*po>;e, the liquid may be delivered 115 
over the i>acking 11 in spray form, or it 
mav be delivered by a liquid feed device 
similar to that shown and described in 
mv o< spending application No. 8203 filed 
.'^rd April. 194o rSerial ISTo. 607.284) to 120 
feed the liquid in predetermined equally 
spaced fine or thin stream*! over the 
packing. 

The packing ] 1 is showu occupying the 
central portion of the tower 10. while the 125 
diametricallv opposite side cliordal sec- 
tions 12 of the tower are left vacant or 
unpacked. A pair of partition plates 13 
on the chorda 1 '^ides respectively of the 
jiat^kinii' 11 prevent flow into or out of the 130 
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packing- thxougk tKese 3i<leci. The iiu- the txirn. sections 17 of ike elements in 
packed' spaced' 12 of tke tower 10 may be each group brought togethei* to form a 
sealed either at the bottom or at the top liquid mixing zone at the juncture. Each 
in any manner well knowu in the art to gTOup comprises at least .three elements 
5 prevent by-pass flow throug-h these spaces. 16 which extend in different vertical 70 
The clearance between the circular peri- intersecting planes, and the vertical 
pheral portions of the packing 11 and the planes of ^aii the • elements are equi- 
corresponding wall of the tower lO may angularly spaced. . . i. • 
be sealed by any suitable means, as for In the form of the invention shown m 
10 example by means of layers 14 of glass Figs. 3, 4, 5 and 6, each group consists 7& 
X70ol, of three elements 16 joined together at 

The packing 11 comprises a series of alternate apical turn sections* 17 to form 
slender elements 16 (Fig. 3) which may liquid mixing zones 21 at their juncture^, 
be in the form of wires, tubes, flat strips and extending', in vertical planes 120" 
15 or the like, and which are shown speci- apart. The triads 20 so formed are inter- 80 
fically as solid cylindrical rods. These connected at -their intervening apical 
packing elements 16 aje identical in cross- turn sections 17, so that each element 
sectional size, shape and finish, and their form& part of, or is common to, two ad- 
surfaces are of such material and finish as joining triads, and the junctures where 
20 to be substantially wetted by the liquid the adjoining triads are iaterconnected 85 
under normal operating conditions. For form liquid mixing zones 21. As a re^ 
that purpos-e, the packing elements 16 suit of this arrangment, each triad 20 
are desirably of a material, such as metal, defines a row of open cells 22, which are 
plastic or tlie like, having the necessarj'' approximately in the form of right tri- 
35 fiaish to afEor-d the required wetting gonal bipyramids, and which have their 90 
]iroperties. vertices or mixing zones 21 in vertical 

Although the packing elements 16 are alignment. The adjoining vertical row£» 
shown of cylindrical stock, as far as cer- of open cells 22 ar medially staggered to 
tain aspects of the invention are con- form a regular predetermined honeycomb 
30 oerned, they mav be of any suitable pattern, as shown. ^ 96 
symmetrical cross-sectional siiape. For The elements 16 are interconnected to- 
example, the surface of the elements may gether at their junctures 21 with their 
be grooved, fluted or otherwise treated to straight turn sections 17 parallel, and 
form a regular pattern thereon. These with^ each section 17 at one jxincture in 
35 surface grooves may extend parallel to longitudinal contact with the .two turn IQO 
the longitridinal axes of the elements 16, sections 17 on either side thereof at the 
or may extend helically about the circum- juncture. The area of contact between 
ferences of the elements. Such surface the apical turn section of any element 
grooving of the element-s "16 ordinarily and the corresponding apical turn siection 
**0 ^'11 increase the liquid carrying capacity'* of its immediate neighbour is substan- 105 
of the elements. Also, instead of using tially the . same as the area of contact be- 
. single rods, wires or the like, as far as tween the turn section of any other ele- 
certain aspects of the invention are con- ment 16 and its immediate neighbour, 
cerned, each of the packins: elements* 16 The straight turn sections 17 are secured 
45 may consist of multiple wires, braided or together at a juncture 21, as for example, HQ 
helically twisted together, or laid side by by welding, and are longitudinally 
side. _ ^ arranged in horizontal registry, so that 

Each of ^ the packing elements 16 is all the oblique sections 18 of each group 
regularly zig-zagged to form a plurality 20 begin to diverge from each other in 
50 of alternately arranged apical turn sec- ithe sam/e htorizontal planes above and 115 
tions 17 interconnected by oblique sec- below their corresponding junctures 21. 
tions IS. The turn sections 17 preferably The weld or weld metal should be located 
are straight to permit their effective inter- as high as possible above the plane at 
connection into fork . groups- as will be which the oblique sections 18 diverge, 
55 described, and aire of equal length in and in any event should not exten-d below 12O 
order to attain symmetry and regularity the lowermost; points of contact of the 
in the packing arrangement. The inter- elements of the junctures, to prevent* 
mediate oblique sections IS are also irregularities' at the bottom of the junc- 
straight and of equal length, and are tures which might cause liquid to flow 
60 equiangxilar with respect to the turn sec- therefroni in the form of droplets or to- ^25 
tions 17. The elements 16 are risspec- be distributed unequally. These oblique 
tively uniplanar, and extend generally sections IS form equal angles with the 
vertically with alternate turn sections 17 vertical line about which they are sym- 
in vertical alignment. These packing metrically grouped. 
05 elements 16 are arranged in groups* with The openiiigs defined ' by • the cells 22 130 
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and tirougL. wHicK tlx© asceuding- g^as- 
passes, are larg'e enoug"]! to prevent capil- 
lary jilming of %he downwardly flowing 
liquid across the openings, but are us 
6 small as possible liaTing- regard for the 
gras and liquid load- The diameter of the 
elements and the extent of zig-zag of set 
will depend upon the character of the 
liquid being treated and the ratio of 

10 liquid to gae volumes. In a specific 
application, the elements 16 may be about 
one-tenth of an inch^ in diameter, and 
may be o:ff-set by the zig:-zags to an extent 
equal to about twice their diameter. The 

15 drawing's show a zig*-2ag offset greater 
than twice the diameter of the elements 
16 in order to more clearly represent the 
shape of the open cells 22, but it will he 
understood that the drawings do not neces- 

20 sarily represent the actual proportions* of 
the elements, and that in practice, the 
proportions of the elements will vary 
according' to the conditions encountered. 
The elements 16 may be made as long 

25 as desired. For example, they uiay be 
long enough to extend the full hei.j^ht of 
the packing, or may be of shorter length 
and vertically aliened in end to end abut- 
men't. If the elements 16 are of the 

30 shorter length mentioned, they may be 
arranged so that the joints between ver- 
tically aligned elements in one vertical 
row are staggerd in different planes with 
respect to the joints between the verti- 

35 calfv aligned elements in the other rows, 
thereby forming a packinfr unit of sub- 
stantial rigidity with convstihient elements 
16 inseparably united. 

Instead of making- the packing into one 

40 single indivisible unit, the packinj? may 
be made in the form of. horizontal layers, 
each con&tructed as described, except for 
the use of shorter elements 16. For ex- 
ample, the elements 16 may be ^ all of 

45 equal length, and long enou^^h to include 
two alternate turn sections 17 and one 
intermediate turn section. A packing 
layer constructed with elements 16 of 
such length, will include at^ least one 

50 horizontal row of open adjoinina- bi- 
pyramidal cells 22, Tn- forming the com- 
posite packing, these individual layers 
would be stacked with the elements of 
superposed layers in end to end register- 
55 abutment, so as not to interrupt the 
continuity and regularity of flow between 
suroessive layers. 

In the use of the pnckin^r of Fig^^. l 
to 6, the liquid with which it is desired 

60 +0 contact the ascendins? gases is delivered 
to tbe ton section of the packinn: as pre- 
viously described, and is divided mto a 
number of predetermined exposed tinn- 
like streams which flow obliquely down- 
OS wardly along the elements 16 on regular 



zig-zag courses in directions generally 
counter to the direction of flow of the gas. 
The maximum of liquid surface is there- 
by ei:posed to the action of the acending 
gases. The liquid stream iLowing- down 70 
a sing'le oblique section 18 of an element 
16 in one group 20, merges ut a liquiu 
niixiag junction zone 21 vrith the liquid 
stream flowing do^vn the other two ad- 
joining oblique sections of the group. 75 
Since the three oblique element sections 
18 of a group 20 are of equal shape, dia- 
meter and surface finish, and converge 
downwardly with equal inclination^f 
towards theii' juncture 21, the liquid 80 
atreams flowing- along* these element 
sections will ha2:e similar dimen- 
tlie junction 21, the three liquid streams 
are thorougrhly intermixed, and the re- 
sulting mixture i^ then subdivided and 85 
redistributed equally betweeen the three 
lower oblique sections IS of the group 
diverging" downwardly with equal in- 
clinations from the junction zone. Each 
of these lower downwardly diverging 90 
oblique sections IS of a gronj} 20 forms 
part of auoher groui) 20, and converges 
downwardly towards the two correspond- 
ing* downwardly converg-ing' oblique sec- 
tions IS of the' latter frroup and toward-- 95 
juncture with the last-mentioned oblique 
sections 18. The stream along* one ele- 
ment 16 of a group 20 therefore becomes 
intermixed not only with the other 
streams of the g'roup, but with all the lOO 
streams of all the other «^roups. This 
zig-zag- flow, joinder, subdivision and re- 
distribution of the liquid streams, and 
their deviation to different vertical planes 
is rejrularly repeated, so that the descend- 305 
ing liquid is uniformly mixed and dis- 
tributed throughout the entire flow area 
of the paddng". 

If the flow along' the different oblique 
element sections 18 is not equal, the de- 110 
gree of irregularity will tend to become 
progressively reduced, due to the fact 
thai each section will divide the whole 
of the liquid reaching a mixinsr zone 21, 
equally with its element partner in that 115 
zone. This is* particularly important in 
the upper section of the packing where 
the liquid feed may not. be deposited uni- 
formly over the top 'of the packing^. By 
the equalizing- process described, the dis- 120 
tribution of tbe liquid under these con- 
ditions will become uniform in the upper 
section of the packing. Tniform dis- 
tribution of the liquid when once attained 
near the top of the packiiic will iiersist 125 
to the bottom of said packinjr- The gas 
passing upwardly n'enerally counter- 
current to the liquid, is subject-ed to suffi- 
cient turbulence to cause tlxorouffh inix- 
ina*, thus avoiding' the loss of efficiency 130 
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wliicli results wlien tke gas at the liquid- 
gas interface is not mixed as rapidly as 
possible witli the main bulk of the ga&', 
• and when other purely looa.l conditions 
5 within the packin*? tend to vary the com- 
position of tlie gas acro33 any section of 
the tower. 

As a result of the packing construction 
of the invention, the upward velocity of 
10 tke gas will he substantially the same at 
any point in any plane at right angles* 
to the general dii'ection of flow. Maxi- 
mum intimacy of contact and masimuni 
interaction between liquid and gas is ob- 
15 tained, and equilibrium is rapidly estab- 
lished between the material in either 
liquid or vapour phase immediately ad- 
jucent to the interface and the main btdk 
of . the material comprising .the phase, ^ On 
20 -iiiy ci-oss section of .the packing at right 
augles to the general direction of flow of 
the liquid and the gas, the composition 
of tlie gas is' substantially the same, and 
the composition of the liquid in its con- 
25 stitueut streaijis is substantially the same. 
A comparatively long path of travel of 
the liciuid passing through the packing 
is pn>vided, so that retention of the liquid 
for a period long enough to asEiare the 
30 necessary saturation or interaction with 
the gus is assured. 

In Pigs. 7 ami S is shown another form 
oi packing embodying the invention. In 
this form, the individual elements 16 are 
35 constructed as indicated in connection 
with Figi*. 3 to G. These' elements 16, 
however, instead of being connected in 
groups of three, are connected in groups 
of four, with the elements of each group 
40 extending respectively in vertical planes 
approximately 90' apart, and joined to- 
gether at alternate apical turn sections 
17 to form liquid mixing zones 21a at 
their .iunctures. The tetrads 20 a so 
45 formed are interconnected at their inter- 
vening apical turn sections 17, so that 
each element 16 forme part of two adjoin- 
ing tetrads, and the junctures where the 
adjoining tetrads ar interconnected form 
60 liquid mixing zones 21a. As a result of 
this arrangemnt, each tetrad 20a defines 
a row of open cells 22a, which are 
approximatelv in the form of right 
tetragonal bipyrami-ds, and which have 
55 their vertices 21a in vertical alignment. 
Adjoinin*? vertical rows of open cells 22a 
are medially staggered to form a regular 
predetermined honeycomb pattern, as 
fi»hown. 

60 The elements 16 are interconnected at 
their junctures 21a with their straight 
turn sections 17 parallel, and with each 
turn section 17 at one juncture in"longi- 
tadinal contact with two turn sections 17 
65 on either side thereof at tEe juncture. The 



area of contact between the apical turn 
sections IT of any element 16 and the 
corresponding apical turn section 17 of 
it? immediate neighbour is soibstantially 
the same as the area of contact between 70 
a turn section 17 of any other element 16 
and that of its immdiate neighbour. 

The straight turn sections 17 ai-e 
secured together at a jujicture 21a, for 
example by welding, and are longitu- 
dinally arranged in registry as in the 
construction of Eigs. 3 to 6, whereby the 
oblique sections 18 of each group begin ^ 
to diverge from each other ,in tke same 
horizontal planes above and below their 
corresponding juncture, and form equal 
angles with the vertical line about which 
they are symmetrically grouped. The 
welds should be located as high as pos- 
sible above the plane at which the oblique 85 
sections 18 diverge, and should not ex- 
tend below the lowermo£ft i>oints of con- 
tact of the elements at the juncture, for 
the reasons previously mentioned. 

The operation of the packing of Eigs. 90 
7 and 8 is similar to that described^ in 
connection with the constructions of Figs. 
3 to 6, 

In Figs. 9 and 10 is shown another 
form of packing embodyiitg the inven- ^ 
tion. In this form of the invention, the 
individual elements? 16 are constructed as 
shown in Figs. 3. 4, 5 and 6. However, 
each group consists of six elements 16 
joined together by welding? or the like as IQO 
previously described, at alternate apical 
turn sections 17, to form liquid mixing 
zones 21b at their junctures, and extend- 
ing in respective vertical nlanee approxi- 
mately 60° apart. The hexads^ 20b so 105 
formed are interconnected at their inter- 
vening apical turn sections 17, by weld- 
ing or the like as previouslv -described, 
so that two elements 16 of one hexad are 
joined at two intervening apical turn sec- HO 
tions 17 with two corresponding elements 
of an adjoining hexad, and each element 
of a hesa-d 20b i& joined at these inter- 
vening apical turn sections 17 with two 
elements of two respective adjoining 115 
hexads 20b. The junctures where the 
adjoining hexads 20b are interconnected 
form liquid mixing zones 24, each having 
three turn sections 17 of three respective 
elements 16 symmetrically grouped in con- 120 
tact around a vertical a^is, the three ad- 
jacent oblique sections 18 of these three 
elements respectively forking upwardly 
and downwardly at equal inclinatir>ns 
from said zone, and from the same start- 125 
ing planes-. As a result of the arrange- 
ment described, each hexad 20b defines a 
row of open cells 22b which are approxi- 
mately in the form of right hexagonal 
hi pyramids;, and which have their vertices 130 
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21b in vertical alignment. Adjoining 
vertical lows of open cells 22b are 
medially staggered to form a regular pre- 
determined noneyeomb pattern, as sho^n. 
5 Tiie liquid streams in each, liexad group 
20b are merged, tkorougkly intermixed 
and subdivided for redistiibxition at tbe 
mixing zone&' 21b, and are intei*mised 
witb. tlie streams of nd joining groups 20b 

10 at tlie mixing zones 24 for uniform dis- 
tribution to tbe elements 16 of these ad- 
joining groups. 

In th.e difierent forms of the invention 
:io far described, the elements 16 oi each 
15 group are interconnected at their apical 
turn sections 17 by direct contact of these 
sections*, to form liquid mixing; zones at 
their juncture?. In the form of the in- 
vention shown in S'igs. 11 and 12, tiie 

20 element^ of each group are g-athered sym- 
metrically aroxmd, and in direct contact 
with, a core piece 25, and are welded, or 
otherwise rigidly connected, to the core 
piece to form a liquid mixing zone there- 

25 with. As previously mentioned, the 
welds should be located as high as pos- 
sible above the plane at which the oblique 
sections 18 diverge^ and in any event 
should not extend below the lowermost 

30 portion of contact of thfi elements with 
the core piece. This core .piece 25 is 
regular in horizontal cross section, and 
must be of such shape that the elements 
16 can be attached to it and can be sym- 

35 metrically disposed about the vertical 
axii* thereof. Eor that purpose, the core 
piece 25 may be cylindrical in shape or 
may 'he a £uted cylinder ^^'ith. a number 
of flutes equal to, or a multiple of, the 

40 number of elements attached to it. The sur- 
face material and finish of each core piece 
25 are desirably such that the surface of 
tlie core piece is substantially wetted by 
the liquid under oprating conditions, and 

45 preferably are the same as that of the ele- 
ments 16. 

The core pieces 25 are so arranged with 
respect to the elements 16 at a juncture, 
that the liquid passing over the core pieces 

50 tends to drain to the elements in prefer- 
ence to forming liquid droplets. ^ To re- 
duce the tendency toward dripping, the 
bottom of the core piece 25 should not 
extend below the hottom of the meniscus 

66 formed by the liquid between the surface 
of the core piece and the surface of any 
of the elements 16 adjacent thereol For 
that purpose, the elements 16 of a group, 
in the construction of Eigs. 11 and 12, 

60 begin to diverge from the corresponding 
core piece 25 as near to its lower 
edge as pssibile. In this form, the 
core piece 25 is substantially of tlie same 
length as the straight turn sections 17 

66 of file elements 16 grouped around it, and 



is disposed in horizontal registry with the 
turn sections, so that the ends of the core 
jnece are substantially coextensive with 
the ends of the turn sections. To further 
ensure against dripping of the liquid from 7() 
the core pieces* 25, the bottom thereof is 
made concave by a depression 27. 

In the form of the invention .shown in 
Fig. 13, the straight, turii sections 17a 
of the elements 16a are made substau- 75 
tially longer than the core pieces 25a, 
and the bottom of each core piece is 
located a substantial distance above the 
horizontal plane where the encompassing 
elements 16a begin to diverge down- 80 
wardly away from juncture. la this 
manner, the tendency tow^ards dripping 
of the liquid from the bottom of the core 
piece is reduced. The bottom of the core 
piece 25a may be flat us shown, or it may 85 
be concave as in the construction of Fig. 
12. 

In the forms of the invention showu 
in ±igs. 11, 12 and 13, since the elemeut-i 
16 or 16a are identical in size, shape, 90 
material and finish, and are located sym- 
metrically about the core pieces 25 oi 
25a, the area of contact between any ele- 
ment and a core piece at a liquid mixinj^ 
zone is substantially the same as the area 95 
of contact between any other element and 
The core jjiece at said zone, and the area 
of contact between the elements in one 
-*^T0up and their corresponding core piece? 
"^s the same as the area of contact betweei' 100 
i:he elements of any other j»-roup and tlieii 
-corresponding core x>iece.s. The element- 
It* and 16a of each group all begin tc 
diverge from the same horizontal plane? 
»tbove and below their mixing zones, anu 105 
make equal angles with a vertical axii 
constituting* the centre of the zone and 
of the group. By means of this symmet- 
rical arrangement, a ^miform mixing and 
distribution of the liquid throughout the J. 10 
flow area of the packing is obtained, as 
dscribed in connection with the construc- 
tions of rigs. 1 to 10, Although in the 
forms shown in Figs. 11 ±o 13 the ele- 
ments 16 or 16a are indicated a*' being 115 
arranged in groups of three, any number 
of these elements may be provided in eacii 
group symmetrically arranged, as already 
described. 

The packing hereiu described is applic- 120 
able to gas and liquid contacting devices, 
.such as bubble towers, scrubbers-, cooling 
towers, f motion a tiuff towers and the like, 
but it is not intended that the packing 
should be limited to equipment of this 125 
type. It is also contem])lated that the 
packing itself may be used as a catalyst, 
lender these conditions, the packing 
itself may, for example, be made of 
nickel, copper or any of the solid 130 
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materials having the required catalytic 
l)roperties. 

A3 another example gf the use of the 
pacJdng" oi the invention, it may serve as 
5 a catalyst carrier, the catalyst, for ex- 
ample, being" formed into beads which 
are threaded on the eleemnts definiiig the 
packing. Also, if desired, the siulace of 
the packing elements may be subjected to 
10 treatment to form a layer of catalytic 
material thereon. As a fuxth.er example 
of the use to which the packing may be 
]jut, it may serve as a carrier of a cata- 
lyst which takes the foim of a liquid, 
^5 and x>articularly a high viscous liquid 
such as phosphoric acid. 

Inasmuch as each element has portions 
which extend in a downwardly inclined 
direction from the inner wall of the lower 
'^^ 10, liqtiid which reaches the wall by way 
of some of the elements will flow away 
from the wall by other elements and thus 
will tend to retain the liquid in the pack- 
ing and prevent short circuiting flow 
^5 down the wall of the tower. 

The velocity of the vapoux flowing up- 
wardly through the packing will cause 
or t-end to cause the uqmd_on the verti- 
cally inclined portions of tJie elements to 
30 assume a sti*eamlined or tear drop shape 
such as would present -minimum resis- 
tance to the flow of vapours and this, to- 
gether with the surface e:Eects which be- 
come pronounced with thin films of liquid, 
35 will have the effect of distributing the 
liquid over the stirfaces of the elements 
with a tendency for a major part of the 
liquid to flow down the upper parts of 
the elements, the amount of liquid so 
4:0 flowing increasing with increased vapour 
velocity. The effect of this is to injure the 
maximum escposure of the liquid to the 
vapour and to facilitate the mixing of the 
streams of liquid at the juncture points. 
46 Many apparently widely different em- 
bodiments of the invention can be_ made 
without departing from the invention; it 
is intended that all matter contained in 
this description or shown in the accom- 
60 panying drawings shall be interpreted a£' 
illustrative and not in a limiting sense. 

Having now particularly described and 
ascertained the nature of my said inven- 
tion and in wh^-t manner the same is to 
55 be performed, I declare that what I claim 
is: — 

1. A gas and liquid contact pi;oce&'S 
which comprises subdividing a liquid 
feed into a predetermined number of thin 

60 exposed streams, directing these exposed 
streams downwardly along respective 
])redetermined substantially uniform zig- 
zag courses' having equal turns and de- 
viating from one set of angularlv dis- 

6& posed vertical planes to another set, 



merging groups of the streams at pre- 
determined spaced intervals to cause 
intermixing of the streams at these in- 
tervals, and subdividing the resulting 
liquid mixture at th.ese intervals into 70 
streams following said courses. 

2. A contact process as claimed in 
claim 1 in which tie stream courses are 
arranged for juncture in groups at pre- 
determined spaced intervals at their 75 
turns, the streams of each group extend- 
ing in different vertical planes and con- 
verging downwardly at equal inclinations 
towards a juncture, and diverging down- 
wardly at equal inclinations from said 80 
juncture, whereby the streams are inter- 
mixed at these junctures and then sub- 
divided for mergence with other streams. 

3. The method of contacting gas and 
liquid covered by claim 1, in wMch the 85 
gas is pass«d upwardly through the open- 
ings defined by th.e s-fareams and into con- 
tact with the streams. 

4. A contact process as claimed in 
claim 2 ii^ which the stream courses are 90 
arranged for junctui*e in groups of three 

or more at predetermined spaced in- 
tervals, the streams of each group con- 
verging downwardly at equal inclinations 
and in respective equi-angnlarly spaced ft5 
vertical planes towards a juncture, and 
diverging downwardly at equal inclina- 
tions and in respective equi-angularly 
spaced vertical planes from the juncture. 

5. Gras' and liquid contacting packing 100 
comprising a ne'twork of slender packing 
elements arranged in groups in accord- 
ance with a predetermined pattern, the 
elements of each group being disposd in 
different angularly disposed vertical 105 
planes, and converging downwardly at 
equal inclinations towards juncture, and 
divergini? downwardly from juncture at 
eqiial inclinations, 

6. Packing for contacting apparatus 110 
as claimed in claim 5 in which the slender 
packing elements are regularly arranged 

in groups of three or more with tlie ele- 
ments of each group disposed in different 
vertical planes angularly spaced equally. 115 

7. Packing for contacting apparatus 
ns claimed in claim 5 in which the slender 
packing elements are regularly arranged 
in CTOups of four with the elements of 
each group dispofc-ed in quadrantly re- 120 
la ted vertical planes. 

8. Packinjr for contacting apparatus 
us claimed in claim 5, in which the slender 
7)acking elements are regidarly arranged 

in groups of six with, the elements of each 125 
ffroup disposed in respective vertical 
1 11 ones approximately 60** apart. 

9. Packinff for contacting apparatus 
as claimed in claim 5, in which slender 
packing elements are arranged to form a 130 
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network of double forks, each of said 
i'orks comprising' a gToup of upper ele- 
ment sections disposed in diifereut ver- 
tical planes J and converging do-vvnwurcliy 

5 at equal inclination towaitls^ juncture, 
and a similar group of lower element sec- 
tions disposed in difterent vertical planes 
and diverging- downwardly at equal in- 
clination from said junctiu*e. 

10 iO. Packing for contacting apj^aratus 
as claimed in. claim 9 in wlaicli . each of 
tlie forks comprises a triad of upper ele- 
ment sections disposed in respective ver- 
tical planes approximately 120" apart 

15 and a similar triad of lower element sec- 
tions* disposed in respective vertical 
planes approximately 120** apart. 

11. Packing for contacting- apparatus 
a:s claimed in claim 9, in wlxicli each of 

'20 the forks comprises a tetrad of upper ele- 
ment ^ection^ disposed in respective quad- 
rautiy related vertical planes and a similar 
tetrad of lower element sections disposed 
in resi^ective quadrantly related vertical 

25 jilunes. 

12. Packing for contacting apparatus 
as claimed in claim 9, in which each of 
the forks compri&es a hexad of upper ele- 
ment sections disposed in respective ver- 

30 I'i t; a 1 p 1 a u es, aligfularly spaced apin'oxi- 
mutely 00* apart and a similar hexad of 
lower element sections dsposed in respec- 
tive vertical planes approximately 60 
apart. 

35 1-3. A tower packing for contacting 
gas- and liqui-d according to claims 1, 2, 
3 and 4 comprising a series of slender 
packing elements arranged and inter- 
connected to form a network of substan- 

40 tially bipyramidal open ceils following a 
predetermined repeat pattern, the ver- 
tices of each cell being vertically spaced 
and defining liquid mixing zones. 

14. A tower packinj? as claimed iu 



claim 13 in which the packiug elements 45 
are arranged aud mtercounected to lorm 
a network of rig'ht .-iubstantiully bi- 
l>yramidal open celli* arranged in vertical 
rows, with the vertices of each cell dis- 
posed in vertical aligument and dehning 
liquid mixing zones, the cells ot adjoin- 
ing verticai rows being set in medially 
staggered relationship. 

15. A tower packing fur contacting 
gas and liquid comijrising a series of 55 
.similar tleuder elements extending 
generally vertically and being zig- 
zagged to form o&sets, said elements 
being joined together in n-roups at their 
ofeet sections to form liquid mixing zones 60 
at their junctures with element sections 
diverging .itenerally upwardly and down- 
wardly in difiierent angularly disposed 
vertical planet* and in opposite directions 
from each juncture. 65 

16. A tower packing according to 
claim 10 wherein the elements are joined 
at their turns in regular groups around 
core pieces. 

17. A tower packing according to 
claim 16 wherein each element has a 
series of alternate substantially straight 
turn sections^ interconnected by oblique 
sections and are joined together in groups 

of three or more at their turn sections 75 
around core pieces (he lower ends of which 
are concave to minimize dripping of the 
liquid from the core pieces. 

IS. Packings substantially as de- 
scribed with reference to and shown in gO 
the accompanying drawings. 



Dated this ISth day of April, 
For the Applicant,. 
LLOYD WISE A CO., 
Chnrtered Patent Agents, 
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